Differences in the source of care could contribute to racial and ethnic disparities in health status. This study looks at a major metropolitan area and examines racial and ethnic differences in the use of high-volume hospitals for 17 services for which there is a documented positive volume-outcome relationship. Focusing on the hospitalizations of New York City area residents in the periods 1995-1996 and 2001-2002 , we found, after controlling for socioeconomic characteristics, insurance coverage, proximity of residence to a high-volume hospital, and paths to hospitalization, that minority patients were significantly less likely than whites to be treated at high-volume hospitals for most volume-sensitive services. The largest disparities were between blacks and whites for cancer surgeries and cardiovascular procedures.
Although racial and ethnic disparities in health care and treatment outcomes have been extensively documented in the United States, the causes are poorly understood (Institute of Medicine 2002). Disparities persist even when data are adjusted for socioeconomic differences, health insurance status, and other access-related factors. Effective remedial policy depends on an understanding of the causes (Epstein 2004) .
Disparities in the process or outcomes of treatment could result from a number of factors including being treated differently, a possibility that has prompted calls for improved ''cultural competence'' among providers, or receiving care from different providers whose abilities or practice styles vary. Several studies support the former scenario (Schulman et al. 1999; Balsa, McGuire, and Meredith 2005; Green et al. 2007 ), and there is considerable evidence of racial and ethnic differences in source of care. Minority patients tend to be treated by providers with different training (Bach et al. 2004; Educational Commission for Foreign Medical Graduates 1992) and in different settings than white patients (Lillie-Blanton, Martinez, and Salganicoff 2001; Bradley et al. 2004; Kahn et al. 1994; Birkmeyer et al. 2002; Rothenberg et al. 2004; Barnato et al. 2005; Groeneveld, Laufer, and Garber 2005; Skinner et al. 2005; Hasnain-Wynia et al. 2007; Jha et al. 2008) .
A key question is whether the use of different providers has quality implications. Quality shortfalls have been documented among physicians treating more minority patients with regard to credentials, continuity of care, and timely referrals (Bach et al. 2004; Lillie-Blanton, Martinez, and Salganicoff 2001; Hargraves, Cunningham, and Hughes 2001; Mukamel, Murthy, and Weimer 2000) . Evidence about racial differences in the quality of the source of hospital care is more mixed (Kahn et al. 1994; Rothenberg et al. 2004; Rask et al. 1994; Leape et al. 1999; Liu et al. 2006) , and researchers have only begun to examine whether quality disadvantages may result from the use of different providers by minorities other than blacks (Liu et al. 2006) .
This study addresses the extent and causes of racial and ethnic quality disparities in the source of care by examining patterns in the use of high-volume hospitals in the New York metropolitan area for 17 services for which a positive volume-outcome relationship has been documented in previous research. Liu et al. (2006) recently reported that such disparities exist for 10 complex surgical procedures in California, with minorities less likely than whites to use high-volume hospitals and more likely to use low-volume hospitals.
Our study complements the California study in several ways. First, we focus on a racially diverse geographic area in which the entire population lives relatively close to high-volume hospitals. Second, we examine a larger set of services than was examined in the California study, including both surgical and nonsurgical services for which a positive volume-outcome relationship has been documented-that is, patients have better outcomes at higher-volume hospitals. Third, rather than define ''high-volume'' hospitals as hospitals with the highest 20% of patients, as was done in the California study, we define it in terms of the volume levels used in the empirical studies that have shown better outcomes at higher-volume hospitals. Thus, the number of high-volume hospitals in the New York area varied greatly from service to service (for example, 38 hospitals met the volume threshold for acute myocardial infarction [AMI], while only one hospital was high-volume for gastric cancer surgery and pediatric cardiac surgery). Finally, by studying two different time periods, we can assess the extent to which idiosyncratic factors (e.g., greater awareness of the volume-outcome relationship) might contribute to disparities.
A positive volume-outcome relationship has been documented for a wide array of services, although there is debate about potential explanations (e.g., whether volume results in quality or vice versa, and whether surgeon volume or hospital volume is more important). (For literature reviews, see Halm, Lee, and Chassin 2002; Gandjour, Bannenberg, and Lauterbach 2003 .) The robustness of the volume-outcome relationship varies across services. However, in the period covered in this study, volume was identified by the Leapfrog Group and the Agency for Healthcare Research and Quality as a proxy for quality for several surgical procedures and was the basis for some policy decisions in New York state, including the regionalization of AIDS care and coronary bypass surgery.
Methods

Data
This study focuses on residents who lived in the five boroughs of New York City plus the adjacent Nassau and Westchester counties and were hospitalized in that area for any of 17 studied services in the period 1995-1996 (N 5 224,533) or 2001-2002 (N 5 202,667) . Nearly all hospitalizations of residents of these seven counties occur therein, and many hospitalizations of residents of the two suburban counties occur within the city. 1 Indeed, in terms of travel time, residents of Westchester have as much or greater access to tertiary hospitals in upper Manhattan than do residents of parts of the city such as Brooklyn or Staten Island. Even so, as a check on our results, we replicated our analysis for several procedures excluding the two suburban counties and found there was no clear pattern of change in our results. Also, out of concern that utilization patterns following events of September 11, 2001, might affect the analysis, we carefully compared utilization patterns in 2001 and 2002. Although a few hospitals experienced a decline in admissions following 9/11, overall utilization patterns for 2001 showed little effect and were quite consistent with patterns in 2002. Our inclusion of data from 1995-1996 provides additional assurance that results were not due to the events of late 2001. (We will primarily discuss the 2001-2002 results, bringing in the 1995-1996 results only where they shed additional light.)
Patient discharge records from New York's Statewide Planning and Research Cooperative System (SPARCS) are the primary source of data. We included discharges only from short-term general hospitals, excluding Veterans Health Administration hospitals and long-term care units of short-term hospitals. Patients receiving the 17 studied services were identified by International Classification of Diseases, ninth revision (ICD-9-CM) codes in diagnosis and procedure fields (except AIDS, which was defined using the New York state major diagnostic category fields). All patients were age 18 or older (except for pediatric cardiac surgery, which included only patients under 18). The data include clinical information as well as each patient's demographic characteristics, insurance status, and street address or zip code, which were used to measure patients' proximity to high-volume hospitals and, where different, the hospital used. Socioeconomic characteristics of patients at the census tract level were obtained from the U.S. census for 2000.
Services Studied
Although positive volume-outcome relationships had been found for at least 21 hospital services (Dudley et al. 2000; Halm, Lee, and Chassin 2002; Gandjour, Bannenberg, and Lauterbach 2003) , we excluded services for which: a) only one hospital provided the service (pediatric cardiac surgery); b) no hospital in the study area met our volume threshold during our study period (surgery for ruptured cerebral aneurysms and for unruptured cerebral aneurysms); and c) prevalence was too low to estimate reliable multivariate models in either of the pairs of years studied (esophageal cancer surgery). The 17 selected services included: five types of cancer surgery (breast, colorectal, gastric, lung, and pancreatic); six cardiovascular services (AMI admissions, coronary artery bypass graft [CABG] surgery, coronary angioplasty, abdominal aortic aneurysm repair, carotid endarterectomy, and pediatric cardiac surgery); three orthopedic procedures (hip fracture repair, total hip replacement, and total knee replacement); two prostate procedures (open and transurethral [TURP] prostatectomy); and admissions for AIDS. Table 1 shows the prevalence of each service during our study periods.
The robustness of the volume-outcome relationship varies among these services. For certain services, including gastric and pancreatic cancer surgery, abdominal aortic aneurysm repair, pediatric cardiac surgery, TURP, and AIDS care, the evidence of the volumeoutcome relationship is strong. The evidence is weaker or less consistent for the other services that we studied. We included the whole set for two reasons. First, it is desirable to examine a variety of procedures and conditions since idiosyncrasies may be associated with any particular service. Second, in the period we studied, evidence about the volume-outcome relationship was increasingly available to physicians and patients and thus could have influenced decisions about source of care for any of the services that we included.
Outcome Measure
The dependent variable was whether patients received care from a hospital that met our operational definition of high volume for the specific service for which they were admitted. A hospital was defined as high volume for a particular service if its total annual discharges (averaged for each two-year period) met or exceeded a volume threshold based on the research literature. We used volume standards published by The Leapfrog Group for CABG, coronary angioplasty, abdominal aortic aneurysm repair, carotid endarterectomy, and pancreatic cancer surgery (Birkmeyer and Dudley 2004) . For the other services, we used the median volume threshold associated with better outcomes in the literature review by Halm, Lee, and Chassin (2004) . The thresholds used are also shown in Table 1 .
Explanatory Variables
Patients' race and ethnicity were coded into five mutually exclusive categories from the SPARCS database as follows: Spanish or Hispanic origin (hereafter Hispanic), the non-Hispanic racial categories of white, black, Asian or Pacific Islanders (hereafter Asian), and other. Missing data on patient race and ethnicity (approximately 5.5%) was imputed using a random method technique (Little and Rubin 1987) based on distribution of race and ethnicity in that patient's census tract. 2 We also included other patient characteristics, many of which have been shown in previous research to be associated with choice of hospital, though not necessarily with racial and ethnic disparities (McGuirk and Porell 1984; Adams et al. 1991; Chernew, Scanlon, and Hayward 1998; Gregory et al. 2000; Wan-Tzu, Porell, and Adams 2004; Basu 2005) . These include age, gender, insurance (Medicare, Medicaid, private insurance, selfpay), whether insurance involved managed care, whether the admission was scheduled, and whether the patient had been transferred from another hospital. 3 The descriptive statistics are shown in Table 2 . The complexity of the patient's condition was measured by an index of comorbidities that were not consequences of the procedure being performed (Comorbidity Software 2003; Elixhauser et al. 1998 ).
The proximity of each patient's residence to the hospital used, the nearest high-volume hospital for the service, and the nearest hospital (regardless of volume) that provided the service were calculated using Maptitude Geographic Information System, a combination of software and geographic data. Including both measures of distance suggests that the impact of distance to the nearest highvolume hospital is measured conditional on the proximity of other facilities. This takes into account the propensity of residents in communities or neighborhoods with no local hospital to travel farther, whatever the attributes of the hospital at which they are eventually treated. Conversely, the propensity Halm, Lee, and Chassin (2002) . b The Leapfrog Group recommended volume standard. c Based on mean threshold (only two studies available) reported in Halm, Lee, and Chassin (2002) . of a nearby low-volume facility to draw patients away from a high-volume hospital also depends on how much farther patients would need to travel to get to a high-volume facility. If an address was missing (19.6% of the sample in [2001] [2002] , the centroid of the patient's zip code was used for proximity analyses. (For reasons of confidentiality, patients' addresses were not present in the SPARCS database for AIDS discharges; excluding those cases, address information was missing in fewer than 10% of cases.) Socioeconomic status was measured by average household income and average educational attainment for residents over age 25 in the patient's census tract. To account for possible differences in patients' receiving word-of-mouth information about available hospitals (National Survey on Consumer Experiences 2001), we included a measure of the prevalence of each service in each census tract.
Statistical Analyses
We first calculated the raw percentage of patients from each racial and ethnic category who used a high-volume hospital for each service studied. To assess the distinctive influence of race and ethnicity on these differences, we then estimated multivariate logistic regression models to determine the magnitude of racial and ethnic disparities controlling for all of the factors described previously, including insurance status and proximity to a high-volume hospital. Separate models were estimated for each service. All analyses used SAS version 8.02 (The SAS System 2001) . Statistical significance was set at the p , .05 level.
We present the results of the multivariate analysis as regression-adjusted probabilities of using a high-volume facility, rather than as odds ratios or relative risks. There is active but inconclusive debate over the most appropriate method for presenting such results (McNutt et al. 2003; Cook 2002) . Because the percentage of patients who used highvolume hospitals varies greatly across services (from single digits to the mid-90th percentiles), comparisons across procedures in terms of either odds ratios or relative risks ratios could be misleading. By reporting predicted probabilities, we allow the reader to decide whether disparities are considered most meaningfully in terms of absolute differences in use of high-volume facilities or the relative rates for minority compared to white patients. 4
Results
Basic Differences in the Use of High-Volume Hospitals
There were many large racial and ethnic differences in the use of high-volume hospitals for the volume-sensitive services studied, 5 and the results we report are consistent when both unadjusted and regression-adjusted re-sults are considered. As shown in Table 3 , black patients were significantly less likely than white patients to use a high-volume hospital for all but one service examined in 2001-2002; the exception was admissions for AIDS, where the opposite pattern was found. Hispanics were less likely than whites to use high-volume hospitals in 15 of the 17 services, but more likely for AIDS. (It is likely that the data for the 17 services somewhat exaggerate the use of high-volume hospitals among Hispanics, because several public hospitals that were not high volume on most services coded few patients as Hispanic, despite location in heavily Hispanic neighborhoods. 6 ) Asians used high-volume hospitals less frequently than whites for 13 services. The differences were most pronounced among cancer surgeries and cardiovascular procedures, averaging over 20 percentage points between blacks and whites for these 11 services. For orthopedic and prostate procedures, the racial disparities between blacks and whites were smaller but still statistically significant. Differences between whites and Hispanics and Asians were generally smaller than the black-white difference.
As can be seen from the data from the mid-1990s (Table 4) , these disparities were not new and thus cannot be attributed to idiosyncratic factors or to greater dissemina-tion in the white population of the thendeveloping evidence about the volume-outcome relationship. In the 1995-1996 period, blacks were significantly less likely than whites to use a high-volume hospital for the same 16 services, with AIDS again the exception. The differences were rather stable over our two time periods, though there was some growth in the black-white disparity associated with cancer surgery. Hispanics were less likely than whites to use highvolume hospitals for 12 services during 1995-1996, and Asians were less likely than whites on 14 services. Clearly the general pattern of racial and ethnic disparities was not peculiar to the 2001-2002 period. 
Isolating the Effects of Race and Ethnicity
Our multivariate regression found that a number of factors other than race and ethnicity were related to the use of highvolume hospitals for volume-sensitive services. 7 Table 5 illustrates this with results for four of the most common services-coronary artery bypass grafts, breast cancer surgery, total knee replacement, and transurethral resection of the prostate. (These were selected because their prevalence made the regression estimates more reliable and because they represented one example from each of our four categories of surgical procedures.)
In the entire set of services studied, the most consistent predictors other than race and ethnicity were: 1) residential proximity to a high-volume facility (greater distance significantly reduced patients' use of highvolume hospitals for 14 of 17 services in [2001] [2002] ; 2) patient age (older patients were significantly less likely to be treated at high-volume hospitals for 11 services); and 3) socioeconomic characteristics of the patient's neighborhood (those from neighborhoods with higher income and education levels were significantly more likely to use high-volume hospitals for more than half of the services studied). Patient insurance also displayed some significant effects. For about half of the services, patients with Medicare or commercial insurance were significantly more likely to use a high-volume hospital, compared to Medicaid or self-paying patients. Managed care insurance was associated with greater use of high-volume hospitals for cancer surgery and cardiovascular procedures, although findings were mixed among orthopedic and prostate surgeries. Patients who had scheduled admissions or were transferred from another hospital were more likely to be treated at a high-volume hospital for cancer surgery and cardiovascular procedures. Neighborhood prevalence of the services was associated with greater use of highvolume hospitals for five services (two cancer, two orthopedic, and AIDS services) in the period 2001-2002. Notwithstanding the importance of these various factors, we found that in both pairs of years the racial and ethnic disparities in the use of high-volume hospitals were essentially unchanged when we controlled for these other factors (Tables 3 and 4 ). 8 The small number of substantive differences that disappeared were for services for which few patients used a high-volume hospital (gastric cancer surgery and hip fracture repair) or for which most patients used a high-volume hospital (angioplasty, AIDS). Substantial black-white differences remained for the other 13 services; one or two differences with whites disappeared for Hispanics and Asians.
To check further whether the differences persisted when there was a common primary payer, we compared Medicare enrollees who had CABG, breast cancer surgery, total knee replacement, or TURPs with patients who did not have Medicare (data not shown). (This is not the same as a comparison by age, since 16% of patients age 65 and older from New York City did not have Medicare as a payer [Gray et al 2006] .) We found that the racial and ethnic disparities persisted, even with a common payer. Although white-black disparities were smaller among Medicare patients than among other payer types for three of the four procedures (TURPs being the exception), disparities between whites and Hispanics and Asians tended to be larger among Medicare patients.
In sum, for a majority of services, accounting for sociodemographics, insurance, proximity, and path to hospitalization had little impact on racial and ethnic disparities. The introduction of controls eliminated such disparities in a few cases and substantially reduced them in a few more. In some cases (e.g., repair of abdominal aortic aneurysms), the measured disparities were actually larger when controls were introduced. Altogether, averaging across all procedures/conditions, the other predictor variables accounted for only about 25% of the apparent magnitude of the racial and ethnic disparities in the unadjusted data.
Commentary
Several points are notable about the patterns of racial and ethnic disparities that we have documented in the use of high-volume New York area hospitals for volume-sensitive services. The first concerns the magnitude of the differences. For several services, whites were more than twice as likely as blacks to use a high-volume hospital, and for several others there was a 20 to 30 percentage-point difference in such usage. The magnitude of the disparities with whites was smaller for Hispanics and Asians than for blacks, but even at these reduced levels, the impact of race and ethnicity for these groups still was larger than that associated with lack of insurance or an unplanned admission.
Second, racial and ethnic disparities in use of high-volume hospitals were found not only for services for which admissions were largely unplanned (e.g., AMI and hip fracture repair), but also for services that generally are planned in advance (e.g., the cancer surgical procedures and hip and knee replacement surgery). Thus, it is probably not surprising that the disparities are not a simple function of proximity. As Table 2 shows, whites on average live farther from highvolume hospitals for the services studied than do the minority groups. This is partially a function of whites' disproportionately living in the two suburban counties; however, even within the city of New York, blacks on average live closer to high-volume hospitals than whites (data not shown). Of course, distance does not translate directly into convenience in a metropolitan area such as New York, but lack of proximity is generally not an advantage regarding ease of access.
Third, the disparities we found are not a simple function of insurance status. It is true that they are exacerbated by the disproportionate numbers of minorities among Medicaid and self-pay patients, since their use of high-volume hospitals tends to be lower than among Medicare and privately insured patients. However, within every insurance grouping-private insurance, Medicare, Medicaid, and self-pay-whites were more likely than minorities to use a high-volume hospital.
Fourth, we found racial and ethnic disparities both for services provided at a large number of hospitals (12 studied services were provided at more than 75 hospitals in our study area in [2001] [2002] and services provided at only a few hospitals. Among the former, breast cancer surgery-for which whites were twice as likely as blacks to use a high-volume hospital in 2001-2002-was performed at 91 hospitals, of which 10 met the volume threshold. Similarly, lung cancer surgery-for which whites were more than 33 percentage points more likely than blacks to use a high-volume hospital in 2001-2002was provided at 80 hospitals, of which 25 met the volume threshold.
At the other end, only 21 hospitals performed CABG surgery in 2001-2002 (with nine meeting the threshold), but there was a substantial white-black difference (72% vs. 52%) in the use of high-volume hospitals. Pediatric cardiac surgery was provided at only 13 hospitals in 2001-2002, and 43% of whites compared with 25% of blacks used the single hospital that met the volume threshold.
In a similar fashion, significant disparities were seen both among services for which large numbers of hospitals met the volume threshold (e.g., AMI and TURP) and among services in which only one hospital met the threshold (gastric cancer and pediatric cardiac surgery).
As noted previously, services for which disparities were relatively small, either in absolute terms or when adjusted for potential confounding factors, tended to have very high or very low use of high-volume hospitals. The former included angioplasty and admissions for AIDS, which were also the two services that had the highest proportion of highvolume hospitals among the facilities that provided the services (51 high-volume hospitals of the 101 hospitals that treated AIDS patients and 18 of the 30 that did angioplasties). The regression-adjusted disparities were particularly small for gastric cancer surgery and hip fracture repair. Overall use of highvolume hospitals was particularly low for these two services (fewer than 20% of patients used a high-volume hospital), perhaps because very few service-providing hospitals were above the volume threshold-only one of the 80 that treated gastric cancer and six of the 92 that performed hip fracture repair.
If proximity and insurance status do not account for the racial and ethnic differences in the use of hospitals, what might do so? One possible explanation lies with factors associated with consumer/patient information and choice. Evidence linking hospital volume to outcomes was already well-recognized in the clinical literature by the mid-1990s, and statistics on hospital volume in New York were becoming available to the public. Minority patients might have been less likely to be aware of these data or to appreciate their importance, or they may have been more concerned about other hospital attributes when deciding (or discussing with their doctor) where to be treated.
We have no information on these considerations for the New York metropolitan area, but a statewide survey found that more than half the residents of New York state saw hospital quality as a concern and that minority respondents were most likely to be concerned (Boscarino and Adams 2004) . Our own tabulations of data from a Kaiser Family Foundation survey (2000) suggest that most Americans view hospital quality as variable and that minority respondents are no different in this regard (Table 6 ). Even so, consumers concerned about quality might not view volume as a proxy measure. However, data from the Kaiser survey suggests that by 2000, virtually all of the public recognized that volume could predict quality (for both hospitals and physicians), and African Americans and Latinos were just as likely to make this linkage as were white Anglos.
Even consumers who understand that volume has relevance for quality might not have access to the pertinent information at the time it is needed. Surveys of both New York state and the United States suggest that consumers from minority communities report less exposure than whites to information about physician or hospital performance (Boscarino and Adams 2004) . Although such differences are modest (see Table 6 ), they could account for some variation in the influence of volume on hospital choice.
It is possible that some consumers who value and have access to information regarding volume might nevertheless give more emphasis to other characteristics of health care providers, in addition to their proximity (which we've controlled for statistically in the regression-adjusted results presented earlier). Most consequentially, some consumers may prefer health care providers with whom they are familiar, based on personal experience or Table 6 . Potential barriers to identification and selection of high-volume providers: Kaiser data, 2000
Respondent group * Difference from white statistically significant at the 5% confidence level.
Measures related to identification and selection of providers
word-of-mouth from family and friends. These experiences might seem particularly salient for minority patients, who typically are less likely than white patients to assume that medical professionals are generically trustworthy (Schnittker and Liang 2006) . The Kaiser survey data (Table 6) suggest that many Americans prefer a surgeon with whom they, their family, or their friends have had positive experiences over one with a good statistical profile, and this preference is more common among African Americans and Latinos than whites. But preferences for hospitals look a bit different-although African Americans again prefer familiar hospitals to a greater extent than do other consumers, Latinos actually give less emphasis to familiarity than do non-Latino whites. Consequently, although this aspect of preferences might contribute to the disparities in high-volume hospital use between whites and African Americans, it cannot explain the equally large disparities that we observed between whites and Latino patients.
We believe that the most likely explanation for the racial and ethnic differences we have found rests less with factors pertaining to patients' choice of hospitals than with differences in the paths by which patients reach particular hospitals, beginning with whatever physician is first seen and the referral process that subsequently transpires (Burns and Wholey 1992; Wan-Tzu, Porell, and Adams 2004) . That process would likely be affected by factors such as where the initial physician has hospital privileges or to which specialists he or she customarily makes referrals. Information about referring physicians was not available in the SPARCS data. The role of physicians' referral patterns in creating racial and ethnic differences in the hospitals used merits further investigation.
Importance of Our Findings
The size of the disparities that we have documented have clinical relevance and policy importance. We applied the volumerelated mortality differences demonstrated in previous research, as reported by Halm, Lee, and Chassin (2002) , to the disparities that we uncovered. In doing so, we estimated that the racial and ethnic disparities that we found would be associated with 5% to 20% higher service-specific mortality rates among minority patients than among white patients for common services, and 10% to 60% higher mortality rates for infrequent procedures (Table 7 ). 9 The differential use rates in these calculations were based on the regressionadjusted results, and therefore controlled for socioeconomic status, insurance coverage, and proximity. These differentials were large, both in an absolute sense and in comparison to findings from reviews of racial and ethnic disparities in clinical outcomes (Institute of Medicine 2002). Halm, Lee, and Chassin (2002) for high-and low-volume hospitals, multiplied by the prevalence of high-volume hospital use identified in this study.
A second way of assessing the impact of the racial and ethnic disparities we found is to compare the impact of minority status with the effects of other variables included in the regression analyses. For example, our analysis of cardiovascular procedures and conditions in [2001] [2002] shows that, on average, being black has almost three times the inhibiting effect on reaching a high-volume hospital as does lacking health insurance (compared to patients with commercial insurance), and one-and-a-half times the inhibiting effect as having an unscheduled admission to the hospital (compared to scheduled admissions). Among Hispanics and Asians, the magnitude of the disparities is smaller than those identified for blacks. Even at these reduced levels, the impact of race and ethnicity for these groups is still larger than those associated with lack of insurance or an unplanned admission.
Public Policy and Racial and Ethnic Disparities
Our findings suggest that simply having more high-volume hospitals will not necessarily reduce racial and ethnic disparities. We observed procedures and conditions (TURP and AMI) in which between 35 and 50 hospitals exceeded the volume threshold in 2001-2002, yet the magnitude of disparities involving blacks (either adjusted or unadjusted) were comparable to other procedures in the same clinical grouping that involved fewer hospitals. Examining hip replacement and pancreatic cancer surgery, two procedures for which the number of facilities exceeding the volume threshold increased substantially between 1995-1996 and 2001-2002 , we see that the unadjusted racial disparities actually increased over this period (the regression-adjusted disparities did decline slightly, in both cases, but remain large and statistically significant).
Consolidation of care at specific hospitals exhibits more substantial, but somewhat inconsistent, effects on racial and ethnic disparities. As a result of New York state policies to limit the number of hospitals authorized to perform certain cardiac procedures (Chassin 2002; Hannan et al. 1998 ), CABG surgery, angioplasty, and pediatric cardiac surgery were done at only 22, 29, and 19 hospitals, respectively, in 1995-1996, compared to most other procedures examined that were done at more than 90 hospitals. Although the modest volume-related disparities in angioplasty in 1995-1996 largely disappeared by 2001-2002, large disparities in both CABG and pediatric cardiac surgery can be seen in both pairs of years. Even so, the magnitude of disparities was smaller compared to other cardiovascular procedures.
A different policy strategy affected AIDS care and may help explain why the typical minority disadvantages were not found for AIDS patients. New York subsidized the formation of large numbers of ''designated AIDS centers,'' strategically placed in hospitals located primarily in neighborhoods with a high prevalence of AIDS (New York State Department of Health 2005). Our findings show that, among patients hospitalized for AIDS, minority patients were actually more likely than whites to use high-volume hospitals, even though the number of high-volume hospitals for AIDS was only slightly greater than the number of high-volume facilities for prostate problems or AMIs, where disparities were substantial.
Limitations
Our findings should be interpreted in light of several limitations. First, data on patient race and ethnicity are as reported by hospitals, and it is apparent from the missing data and from the use of the ''other'' race category that their procedures for collecting and recording this information vary. It has been shown previously that there is measurement error, especially for nonblack and nonwhite categories (Blustein 1994) . However, this should not bias differential rates across high-versus lowvolume hospitals. Second, thresholds used to define high-volume hospitals are inherently arbitrary and may mask more subtle variations either above or below the threshold. Because hospitals that fall slightly below the high-volume threshold are treated as having a similar volume as hospitals well below the threshold, our findings may overstate or understate the significance of the volumedisparity association. This factor should be kept in mind in comparing disparities over time, since relatively minor shifts in volume could alter the number of hospitals identified as ''high volume.'' Third, because our study is limited to hospitals in the New York City metropolitan area, hospitalizations of area residents outside this geographic area are excluded. However, 99.6% of the hospital use in New York state by residents of the New York City area was in hospitals in our catchment area. Fourth, because of low prevalence, we were forced to exclude from our analysis some procedures for which there were large disparities in the raw data (e.g., esophageal cancer surgery, cerebral aneurysm repair). Because lower frequency procedures are often associated with large volume-related mortality differentials (Birkmeyer et al. 2002) , our findings may understate the extent of clinically meaningful disparities. However, precisely because these are uncommon procedures, disparities in their use will have relatively small consequences for the overall health of minority populations.
Other limitations highlight the need for additional research. Clearly, the New York metropolitan area is not representative of the country as a whole. In locales where patients must travel longer distances to get to hospitals, the dynamics of hospital use and the determinants of racial and ethnic utilization patterns may be different from those identified in this study. Also, we did not examine disparities in physician volume in this study, but the literature shows that physician volume has an independent effect on quality (Birkmeyer et al 2003) .
Conclusions
Our findings show that in a large, racially diverse metropolitan area, where high-volume hospitals are relatively accessible geographically to the entire population, substantial racial and ethnic differences exist in the use of high-volume hospitals for services for which high volume is associated with better outcomes. Disparities between whites and blacks are large in magnitude, consistent across different services, and persistent over time. Hispanics and Asians exhibit similar patterns of disparities, although the magnitude and consistency is not as strong compared to blacks. These disparities cannot be attributed to differences in socioeconomic status, insurance coverage, or neighborhood of residence.
As noted earlier, our findings raise important questions about the processes by which racial and ethnic groups gain access to medical care. While researchers probe such questions, it is important to consider whether racial and ethnic disparities in the use of high-volume hospitals may be amenable to policy intervention, at least in large metropolitan areas. In particular, policies that increase the number of high-volume hospitals among providers of a given service seem especially promising. In New York, the designated AIDS care center program has directed resources to hospitals located in areas where cases are concentrated, facilitating high use in multiple facilities. Similarly, New York's certificate-of-need program that limited the number of institutions that perform a procedure as common as angioplasty resulted in a majority of hospitals exceeding the volume threshold. When the majority of patients use high-volume hospitals, there are fewer racial and ethnic disparities. tive interpretation) and may increase the standard errors on the regression estimates, but should not bias those estimates. 3 Patients who received surgical services were not counted twice since they received these services only at the hospital to which they were transferred. Some patients with medical diagnoses (AIDS, AMI) could have been in data from more than one hospital. 4 Reporting probabilities does introduce some complications. The probabilities reported in the text are calculated from the regression coefficients and the average values of the explanatory variables for each minority group. Because the models are estimated for the combined sample, they are appropriate for the full-sample means and not necessarily for the subpopulations represented for each minority group. We assessed the potential biases this might introduce for several procedures and they were small, making the results reported in the text reasonable approximations of the true probability differences among subgroups in our sample. 5 We infer racial and ethnic differences from whites based on the statistical significance of the racial and ethnic coefficients in the logit models. Although we report in the text results for identifiable ethnic and racial groups, those who were identified as ''other race'' were also significantly less likely than whites to use highvolume facilities. These ''other race'' disparities were reasonably consistent across the 17 volume-sensitive procedures studied here and of equal magnitude as those for other minorities, with the exception of some cancer surgeries. 6 These hospitals typically coded many patients as ''other'' on race and did not complete the ''Hispanic'' ethnicity question. 7 Our statements about statistical significance are inferred from the statistical significance of the race/ethnicity coefficients in the logit model. 8 We also calculated results with an adjustment for the nonlinear nature of the estimating model and found the results were virtually unchanged. The adjustment accounted for less than .1% of the change when rates were adjusted. 9 Our estimation of mortality effects was done quite simply by multiplying the estimated mortality differences for each procedure, based on the research reported by Halm, Lee, and Chassin (2002) , by the probability that patients from different racial and ethnic backgrounds used a high-volume facility, and the prevalence of the procedures.
